Abstract. A set of 26 Trypanosoma brucei stocks from various African countries, previously characterized by multilocus enzyme electrophoresis (MLEE) for 18 polymorphic loci, have been selected to be representative of the three T. brucei classic subspecies. The kinetoplast DNA minicircle variable regions from these stocks have been amplified using the polymerase chain reaction (PCR) technique, and hybridized with the amplified variable regions of three T. brucei reference stocks, previously identified as T. brucei brucei, T.
specifically hybridized with a group of 12 stocks that represented most of the human stocks from West and Central Africa in our sample. These stocks, which appeared as a clearly separable cluster based on previous MLEE analysis, probably correspond to T. brucei gambiense group I. No other stock hybridized with this amplified fragment. Since the T. b. gambiense probe obtained is specific for many isolates that are pathogenic for humans in Central and West Africa, it appears to be a promising tool for epidemiologic and medical survey s.
The kinetoplast DNA of Trypanosoma brucei s.f., the agent of human sleeping sickness and of a cattle disease in Africa, is composed of a network of maxicircles and minicircles. The onekilobase minicircles (approximately 10,000 copies in a single cell), contain a 122-basepair (bp) sequence that appears to be conserved within the whole taxon T. brucei. These minicircles also contain a nonconserved sequence (hypervariable region or HVR), which seems to be very heterogeneous within a single organism. Indeed, 200-300 different sequence classes of variable frequencies can be found within the same The HVR of T. cruzi was successfully used as a target sequence to design probes3. that are specific for the natural clones of this parasite previously demonstrated by a population genetics app r~a c h .~ The purpose of the present study was to use a similar approach to design specific markers for the T. brucei s.1. genotypes and clusters of genotypes characterized by a previous population genetics study.6
M A T E W AND METHODS

Parasite sampling
Twenty-six T. brucei stocks isolated from various hosts (humans, wild and domestic mammals, tsetse flies) in Central, West, and East Africa were analyzed. The origin of these stocks is summarized in Table 1 Table 1 ).
Parasite culturing
Trypanosomes were grown by culturing procyclic forms in Cunningham's medium containing 20% fetal calf serum and 20 ,ug/ml of gentamicin.'
Polymerase chain reaction
The primers, obtained from Centre de Recherche en Biologie et Genetique Cellulaire (Toulouse, France), were selected to anneal DNA sequence at both ends of the 122-bp conserved region of the kinetoplast DNA (kDNA) minicircle described by Chen and Donelson.' A restriction site (Msp I) was artificially introduced at the 3'-end of each oligonucleotide to facilitate the subsequent isolation of the amplified variable sequence. The sequences of the primers were as 13 
Buffer and incubation conditions were performed according to Breniere and 0thers.j Amplification was performed using 1 IU of Theririus aquaticus DNA polymerase (Genofit. Geneva. Switzerland) and a PHC-2 apparatus (Techne. Cambridge, UK). Parasite cells (lo4) were harvested by centrifugation. boiled in 1 O0 pl of distilled water for 5 min, and centrifuged in an Eppendorf (Madison. WI) microfuge at 5.000 x g for approximately 30 sec. Ten microliters of the supernatant obtained by this procedure was used â S :cíiì-,:atc.
Probe purification
The PCR-amplified fragments were purified from a 1% preparative gel (low-melting point ultrapure agarose in Tris-acetate-EDTA [TAE] buffer) using the enzymatic preparation GELase@ (Epicentre Technologies Corporation. Madison, WI) according to the manufacturer's instructions. The extracts were then digested with M s p I restriction endonuclease to eliminate part of the oligonucleotide primers selected in the conserved region of the minicircle. The DNA was precipitated with ethanol and resuspended in 100 p1 of distilled water. The DNA concentration was assessed with a DU 70 spectrophotometer (Beckman, Palo Alto, CA).
Sozithern blotting
The PCR products were electrophoresed in a 0.8% grade agarose gel (Bethesda Research Laboratories. Uxbridge, UK) in TAE buffer for 40 min at 100 volts. The gels were stained with ethidium bromide and were then transferred onto charged nylon membranes (Hybond-N*: Amersham, Buckinghamshire, UK) after alkaline denaturation (15 min twice in 0.5 M NaOH, 1.5 M NaCl) by the pocket-blotting procedure.s Subsequently, the membranes were washed in 2 x SSPE (1 x SSPE = O. 15 R/l NaCl, 0.0 1 M sodium diphosphate, 0.00 1 M EDTA), dried, and stored in a protective film until the hybridization stage.
Labeling and h?~bridization conditions
The ECL@ (Amersham) gene detection system based on enhanced chemiluminescence was used according to the manufacturer's instructions. Simultaneously, the membranes were incubated at 32°C in hybridization bufTer supplied by the manufacturer (0.25 ml/cm-of blot) for 15 min, and the purified probe (20 ng/ml ofhybridization buffer) was labeled for 10 min at 37°C. The hybridization was performed at 42°C overnight in a rotary oven (Appligene, Illkirch. France). Before the detection step, the membranes were washed twice in a highly stringent solution (6 itive hybridization, not only with its own stock, but also with 11 other stocks. Figure 1B shows the hybridization of the DAL 967 probe with seven of these stocks.
When previous MLEE phylogenetic results based on 18 polymorphic loci are considered, it is interesting to note that those 12 stocks that hybridize with the DAL 967 probe can be assigned to a clearly separate cluster.6 Moreover, it is worth emphazing that this cluster involves most of the human stocks from Central and West Africa studied here. Figure 2 shows a dendrogram constructed using the unweighted pair group method with arithmetic mean (UPGMA)'* from MLEE data among the 26 stocks studied, which corresponds to 22 zymodemes. The group of zymodemes indicated by the brace in Figure 2 corresponds to this separate cluster of human stocks. This specific clustering pattern was confirmed for 78 T. brucei S.I. stocksY6 not only by UPGMA dendrograms as shown here, but also by both Wagner networking and principal component analysis. 13, l4
DISCUSSION
It is quite probable that this cluster of human stocks corresponds to T. brucei FIGURE 3. Dendrogram constructed using the unweighted pair group method with arithmetic mean from a Jaccard distance matrix, based on a multilocus enzyme electrophoresis study on 18 polymorphic loci." Zymodemes (Zym.) 233,249, and Z l l (circled) indicate the three stocks used as probes (NITR 40.12.058 cl.A3, and DAL 967. respectively). The brace delimits the zymodemes of the 12 stocks that hybridize with the DAL 967 probe. This cluster corresponds to Trj.paiiosoma hriicei gantbiense group I. l5 i most of the human isolates from Central and West Africa, its medical and epidemiologic relevance is considerable. Thus, the kDNA probe designated in the present study appears to be a promising tool that can be used to specifically identify the stocks belonging to this group of trypanosomes in tsetse flies, as well as in patients and potential mammalian reservoirs.
From a population genetics point of view, successful designing of this probe is consistent with two hypotheses that are not incompatible with each other. First. it can be considered that the cluster identified by the probe is genetically isolated from any other stock studied here. If not. there would be no reason to observe this strong linkage disequilibrium between the kDNA sethe isoenzyme variability. i.e., the probe should randomly hybridize with any stock of the present sample. Second. this result is consistent (almore general hypothesis that natural populations of T. brzlcei S.I. have a basically clonal evolutionary I h , Such a hypothesis does not mean that genetic recombination is absent in T. brucei, but only that ît does not occur frequently enough to alter a prevalent pattem of clonal population structure.
These results also have implications regarding the question of kDNA evolution. It has been l quence of the probe and nuclear genes that cause t Identified using 18 polymorphic loci.h postulated that T. brucei minicircle HVR sequences had a very high rate of evolution due to both nucleotide substitutions and segmental rearrangemenk2 This rapid sequence evolution of the minicircle has up to now precludedits use for taxonomic purposes. **-l9 The results obtained with both the NITR 40.12 and 058 cl.A3 probes are consistent with this hypothesis, but the result for the Dal 967 probe at least shows that this hypothesis is not constantly verified, since it indicates limited evolution of an HVR sequence within a whole group of parasites that exhibit non-negli$ble genetic variability ( Figure  2) . On the other hand, since several classes of minicircle sequences coexist within a single cell,2 the present result suggests that within the group of trypanosomes specifically labeled by the DAL 967 probe, a dominant class of minicircles exists that shares an identical or closely related HVR sequence.
